Bordetella pertussis, the causative agent of whopping cough, produces an adenylate cyclase toxin (CyaA) that plays a key role in the host colonization by targeting innate immune cells which express CD11b/CD18, the cellular receptor of CyaA. CyaA is also able to invade non-phagocytic cells, via a unique entry pathway consisting in a direct translocation of its catalytic domain across the cytoplasmic membrane of the cells. Within the cells, CyaA is activated by calmodulin to produce high levels of cyclic adenosine monophosphate (cAMP) and alter cellular physiology. In this study, we explored the effects of CyaA toxin on the cellular and molecular structure remodeling of A549 alveolar epithelial cells. Using classical imaging techniques, biochemical and functional tests, as well as advanced cell mechanics method, we quantify the structural and functional consequences of the massive increase of intracellular cyclic AMP induced by the toxin: cell shape rounding associated to adhesion weakening process, actin structure remodeling for the cortical and dense components, increase in cytoskeleton stiffness, and inhibition of migration and repair. We also show that, at the low concentrations that may be found in vivo during B. pertussis infection, CyaA impairs the migration and wound healing capacities of the intoxicated alveolar epithelial cells. Our results suggest that the CyaA, beyond its major role in disabling innate immune cells, might also contribute to the local alteration of the epithelial barrier of the respiratory tract, that is an hallmark of pertussis.
(about 0.6 nM of toxin). Other studies have suggested that CyaA at these concentrations may 23 affect the epithelial cells and eventually contribute to the alteration of the epithelial barrier 24 which is primarily affected by the cytopathic action of the tracheal cytotoxin, TCT, released by 25 B. pertussis. Ohnishi et al. (2008) first showed that CyaA induces morphological changes on 26 cultured rat alveolar epithelial cells [14] . Eby et al. reported that polarized T84 cell monolayers 27 as well as human airway epithelial cultures could respond to nanomolar concentrations of CyaA 28 when it was applied to the basolateral membranes [15] . We then showed that CyaA can invade 29 A549 alveolar epithelial cells and trigger a significant remodeling of their molecular adhesion 30 systems [16] and, more recently, Hasan et al. (2018) analyzed the impact of CyaA on the 31 functional integrity of human bronchial epithelial cells cultured at the air-liquid interface [17] . 32 Cytoskeletal (CSK) rearrangement may be caused by different signal events including 33 modifications in the intracellular Ca 2+ and cAMP-mediated signaling which have been involved 34 in perturbations of the actin CSK homeostasis in different cells [18, 19] . These two factors are 35 indeed deeply modified and markedly increased after CyaA invasion suggesting that the CyaA 36 toxin could trigger significant CSK remodeling of the host cells [8, 9, 20, 21] . 37 In the present study, we further characterized the CyaA-induced structural remodeling and 38 functional alterations of the CSK and mechanical properties of A549 alveolar epithelial cells. 39 We show that CyaA intoxication reduces the migration and wound healing capacities of these 40 cells when they are exposed to toxin doses mimicking those reached in vivo during B. pertussis 41 infection. Our present results therefore suggest that the CyaA toxin may contribute to the local classically used for cell respiratory physiology studies. Briefly, this line, which originates from a 48 pulmonary epithelium adenocarcinoma taken from patient, is obtained from the National Cancer 49 Institute's lineage library (ref: ATCC Collection No. CCL-185). It is a hypo-triploid line that Contaminants were eliminated by an extensive wash in the same buffer; the CyaA protein is then 86 eluted using a NaCl gradient (CyaA elution occurs around 500 mM NaCl). After dilution of the 87 eluate in 20 mM Hepes, 8 M urea to reach 100 mM NaCl, the CyaA batch is loaded onto a 88 second Q-sepharose Hi Performance column. Washing and elution are operated in the same 89 conditions as the first Q. This step allows to obtain a concentrated CyaA protein which is then 90 diluted 5 times with 20 mM Hepes, 1 M NaCl, pH 7.4 and loads onto a 70 ml phenyl-sepharose 91 column and washes with 20 mM Hepes, 1 M NaCl, with Hepes 20 mM again and then with 92 50% isopropanol. After an extensive wash, the toxin is eluated with 20 mM Hepes and 8 M urea. 93 The eluate is then applied onto a sephacryl 500 (GE healthcare, HIPREP 26/60) equilibrated in 94 20 mM Hepes and 8 M urea. CyaA batches are pooled and concentrated by ultrafiltration and 95 stored at −20 • C in 20 mM Hepes and 8 M urea. CyaA toxin concentration is determined by 96 UV-spectrophotometry using a molecular extinction coefficient Em280 = 143590 M −1 cm −1 97 computed from the CyaA sequence on the ProtParam server (http://web.expasy.org/protparam/). 98 The purity of CyaA batches is higher than 90% as judged by SDS PAGE analysis and contained 99 less than 1 EU of LPS/µg of protein as determined by a standard LAL assay (Lonza). Finally,
100
CyaA is refolded into a urea-free, monomeric and functional holo-state [31, 32] . The refolding 101 efficiency is around 40 ± 5% (population monomer / total population of proteins). The 102 biological functions, i.e., hemolysis, translocation of ACD and cAMP production, are routinely 103 assayed as described in [31] and [33] . The aliquots of monomeric species of CyaA are stored at 104 −20 • C in 20 mM Hepes, 150 mM NaCl, 2 mM CaCl 2 , pH 7.4.
Handling of CyaA and CyaAE5 Toxins

106
For our experiments, CyaA and CyaAE5 recombinant proteins are diluted into a mix solution 107 containing DMEM-10% SVF, buffer and CaCl2. CyaA mixture or CyaAE5 mixture is directly 108 added on cells for 30 or 60 min. We used a range of concentration of CyaA or CaAE5 toxin 109 from 0.5 to 10 nM.
110
Biological Tests 111 cAMP Assays 112 A549 cells are seeded at 3.10 5 cells/well in 96 well plates. After 24 hours, cells are exposed for 113 60 min to three different concentrations (0.5, 5, and 10 nM) of either the CyaA toxin or the 114 enzymatically inactive CyaAE5 protein. The CyaA mix was removed and cells were washed.
115
Cells were then recovered and lysed using 0.1 M HCl in order to collect the intracellular content. 116 The concentration of cAMP in the lysates was then measured by using a competitive ELISA kit 117 for cAMP ( and cells were washed. Finally, 50 µL of MTT solution at 2 µg/ml are then added to each well. 127 After 4 hours of incubation, the medium is removed by inversion. 200 µL of pure DMSO were 128 then added to each well. Finally, the 96-well plate is read from the ELISA reader at a
The cells are washed with PBS and then fixed for 10 min in 4% paraformaldehyde, 137 permeabilized by addition of 0.3% Triton in PBS. Non-specific sites are blocked by incubation 138 of PBS-1% BSA during 30 min. Then, cells are incubated for 1 hour at room temperature with 139 anti-phosphotyrosine primary antibody PY99 (sc-7020, Santa Cruz Biotechnology) diluted at Coverslips were mounted on a slide with the cell side down in Prolong (LifeTechnology, ref. 146 P36974). Staining structures are observed, and images are acquired on an Axio Imager confocal 147 microscope (Zeiss) at 63× magnification. To analyze cellular images, the mean level of distinguish the cortical and the dense actin filaments, two different fluorescence thresholds on 152 ImageJ software were used, i.e., 152 for the cortical actin and 534 for the dense actin, to permit 153 the quantification of actin fluorescence at two detected levels. In the same way, different 154 thresholds were used to distinguish different size areas of focal adhesion points (< or > to 155 1 µm 2 ). Finally, on the same coverslips, we used the LSM5 Pascal software to make stacks of 156 images (every 0.5 µm) in the vertical direction 'z' and to carry out a 3D reconstruction of the 157 shape of the cell in order to measure the cell height in each condition.
158
Functional assessments 159 Measure of CSK stiffness by MTC 160 A549 cell mechanical properties were measured by a bead micromanipulation system through 161 CSK specific probing, called Magnetic Twisting Cytometry (MTC) which has been extensively 162 described in the literature [27, 28] . Probes are ferromagnetic microbeads coated with an integrin 163 specific ligand, e.g., fibronectin. When an external magnetic field is exerted, these beads apply a 164 torque to the living cell structure through CSK specific-ligand binding. The relationship 165 between the measured bead rotation angle (angular strain averaged over the cell culture during 166 cellular loading), and the applied torque provides CSK-specific measurements of mechanical 167 (rheological) properties of the cell. This technique invented by Wang et al. in 1993 [28] has been 168 recently upgraded by Isabey and co-workers to achieve a multiscale quantification of cellular 169 and molecular parameters [27] . Each MTC measurement is performed twice on a wide number 170 of cells (7 × 10 4 ). The large number of beads and their uniform distribution throughout the cell 171 culture guarantee an instantaneous homogenized cell response, representative of the dominant 172 structural behavior. The key parameter obtained is the elasticity modulus or cytoskeleton 173 stiffness (E in Pa), which has been measured for the different concentrations of the CyaA toxin. 174 E quantifies the mechanical stiffness of CSK structure and reflects also the intracellular tension 175 or prestress [34] . 176 
Measure of Cell Migration and Wound Healing
177
A549 cells were seeded at a density of 10 5 cells/chamber in a 12-well simple chamber. There 178 were incubated during 24 hours in complete medium (DMEM, 1% penicillin, 5% SVF) to form 179 a confluent monolayer. Cells were exposed to the different concentrations of CyaA toxin or to 180 complete medium (control conditions). The cell monolayer was scratched with a pipette tip of 181 5 µm-distal diameter to create a wound and rinsed 3 times with medium in order to remove the 182 entire detached cell population. Transmission images of the cell monolayer with the wound are 183 taken every 3 hours with a black and white CDD camera (Kappa DX20-H) mounted on a 184 fluorescent-transmission microscope (Leitz Labovert FS). Cell migration was determined by the 185 aptitude of cells to close the wound. The quantification of the repair of the monolayer is made 186 by measuring the wound area using ImageJ (W.S. Rasband; NIH, Bethesda). The evolution of 187 the repaired area is quantified by the following formula:
The wound repair is followed until complete closure (repaired area=100%).
189
Results
190
We previously showed [16] that A549 alveolar epithelial cells are sensitive to CyaA that triggers 191 a cAMP-dependent remodeling of their molecular adhesion system, resulting in a significant the reorganization of the actin cytoskeleton and evolution of focal adhesions. A549 cells were 194 exposed for 1 hr to various concentrations of CyaA (ranging form 0.5 to 10 nM) and then the 195 F-actin structures were visualized by phalloidin staining (in red) and focal adhesions were 196 visualized with anti-phosphotyrosin PY99 antibodies (in green) (Fig 1) .
197
In cells incubated with CyaA, a marked remodeling of actin structure and focal adhesion 198 reorganization is observed. This effect is characterized by a progressive 199 concentration-dependent disappearance of stress fibers associated with a significant loss of 200 number of focal adhesion points. Noteworthy, the effect of CyaA intoxication on both actin 201 structure and focal adhesion could be partially counteracted by addition of manganese (0.5 mM 202 Mn 2+ ) during the last 30 min of incubation with CyaA (Fig 1) . Control cells exposed to Mn 2+ 203 ( Fig 1D) shows a strong reinforcement of both F-actin structure and most particularly focal 204 adhesion points, as expected given the activation of integrins forced by Mn 2+ [35, 36] . It appears 205 that CyaA-intoxicated A549 cells still respond to manganese exposure but to a lesser extent than 206 the non-intoxicated (control) cells.
207
Quantifications of global fluorescent F-actin at the basal face of spread A549 after 60 min of 208 CyaA exposure (Fig 2) reveal a significant decrease in F-actin intensity, in a toxin 209 concentration-dependent manner. This confirms the microscopic observations shown above.
210
Quantifications of F-actin structures at low density F-actin (cortical or sub-membranous F-actin) 211 and high-density F-actin (stress fibers) reveal that cortical actin sub-structures are predominantly 212 and significantly affected by CyaA exposure while the dense actin sub-structures are only 213 slightly affected (Fig 2) . The decrease in total F-actin intensity in CyaA-intoxicated cells is also 214 observed after Mn 2+ exposure although the distribution of cortical versus dense F-actin is 215 modified in favor of the dense F-actin with manganese (compare Fig 2 and Fig 3) . 216 Quantification of the number of focal adhesion (FA) points after 60 min of CyaA exposure is 217 given for all FA sizes as well as for the small (≤ 1 µm 2 ) and large (> 1 µm 2 ) FA sizes (Fig 4) . 218 The total number of adhesion sites in cells exposed to CyaA markedly decreases as the toxin 219 concentration increases. For all conditions studied, the wide majority of adhesion sites is 220 constituted by small adhesion sites, the number of which is significantly reduced as the CyaA 221 concentration increases. By contrast, the number of large adhesion sites is always significantly 222 smaller than the total number of FA (statistics not presented) but, compared to small FA, the 223 decay in the number of large FA (as the CyaA concentration increases) is only slightly 224 significant (Fig 4) . The exposure to Mn 2+ ( The effects of CyaA on the global shape of A549 cells were examined by analyzing images 231 from different confocal planes. Statistics of cell spreading area and cell height for the different 232 conditions of CyaA exposure tested reveals significant changes in cell shape after intoxication 233 by the CyaA toxin ( Fig 6A and 6B ). The cell shape change can logically be related to the CyaA 234 induced weakening process of adhesion presented in Fig 1 to 5 and suggests that CyaA triggers 235 cell rounding. This is consistent with prior studies that showed a similar change in cell 236 morphology, i.e., namely a rounding process, in various cultured cell lines -notably in type II 237 alveolar cells [14] .
238
To examine whether CyaA intoxication affects acto-myosin motors and notably intracellular 239 cytoskeletal tension, we measured the changes in the cytoskeleton (CSK) stiffness. We analyzed 240 the CSK stiffness by using the Magnetic Twisting Cytometry (MTC) technique. Ferromagnetic 241 microbeads coated with an integrin specific ligand, (i.e., fibronectin), are used to probe the 242 mechanical (rheological) properties of the cells when a torque is exerted by an externally applied 243 magnetic field [27, 28] .
244
CSK stiffness measurements performed after 30 min ( Fig 7A) and 24 h ( Fig 7B) of cell changes in cytoskeleton internal tension [34] are closely related to cell shape [37, 38] . intoxication might affect these processes. The wound healing test was carried out on monolayers 258 of A549 alveolar epithelial cells previously exposed for one hour to different concentrations of 259 CyaA (0.5, 5, or 10 nM) and compared to control conditions (no toxin). The cell monolayers 260 were then scratched with a pipette tip of 5 µm diameter to create a wound, and cell migration 261 and repair were followed by microscopy until complete closure of the wounds (the repair area At the 265 highest concentration tested (10 nM), the repair is almost totally abolished (> 95%). As 266 expected, the enzymatically inactive CyaA variant CyaAE5 had no effect on the cell migration 267 nor wound repair ( Fig 8B) . Altogether, our present results indicate that the increase in 268 intracellular cAMP elicited by the CyaA toxin directly impairs the cytoskeletal and mechanical 269 properties of the intoxicated A549 alveolar epithelial cells and reduce their migration and wound 270 healing capacities. As these effects are observed at the low toxin concentrations (0.5 nM) that 271 may be produced in vivo during B. pertussis infection [13] , our results suggest that the CyaA 272 could also contribute to the local alteration of the epithelial barrier of the respiratory tract, that is 273 an hallmark of pertussis.
274
Discussion and perspectives 275
While the infection by CyaA of myeloid cells such as macrophages, neutrophils, dendritic cells, 276 natural killer cells, has been extensively studied [4, [39] [40] [41] , much less is known about the 277 intoxication of non-inflammatory cells lacking the CD11b/CD18 receptor. In these cells, CyaA 278 is able to directly interact with the plasma membrane and translocate its catalytic domain across 279 the lipid bilayer although the precise molecular mechanism of intoxication remains 280 elusive [1, 8, 42, 43] . 281 We previously showed and we confirm here that CyaA can efficiently invade A549 alveolar 282 Effect of CyaA on the cytoskeleton stiffness of A549 cells. A549 cells were exposed for 60 min (A) or 24 hrs (B) to the indicated concentrations of CyaA toxin (control=no CyaA) or 10 µM of cytochalasin D (an actin-depolymerizing drug). The CSK stiffness is assessed using the viscoelastic solid-like model (simple Voigt) as described in 'Material and Methods'. Each MTC measurement is performed on a wide number of cells (7 × 10 4 ) probed with an even higher number of beads (about twice). The 'n' corresponds to the number of wells. Differences in cytoskeleton stiffness observed between the different groups are quantified by ANOVA test compared to the control conditions. Error bars are ± SEM; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. Effect of the CyaA toxin on wound repair of A549 cell monolayers. A549 cells, grown to form a confluent monolayer, were exposed during 1 hr to the indicated concentrations of CyaA toxin (control=no added CyaA) (A) or the enzymatically inactive CyaAE5 protein (B). The cell monolayers were then scratched with a pipette tip (5 µm-distal diameter) to create a wound. Cells are exposed to the indicated concentrations of CyaA or CyaAE5 during 60 min. After washing, cells were further grown in DMEM medium and the repair of the wounds was monitored by microscopy imaging (the wound area was measured with ImageJ) every 3 hrs until complete closure (repaired area = 100%). The data correspond to the percentage of repaired area at different times until complete repair of a wound that occur after 40 hrs in control condition. 'n' corresponds to the number of analyzed wells. Error bars are ± SEM; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. their ability to repair wounds made in a monolayer of these epithelial cells. 287 It has already been shown that CyaA invasion results in a deep remodeling of the actinic 288 CSK localized essentially under the plasma membrane [9, 44] . Present data obtained on cellular 289 adhesion as well as previous data obtained on early adhesion in the same cellular system [16] 290 show that CyaA significantly weakens the adhesion system, suggesting that 291 mechanotransduction signaling pathways are affected during the intoxication process.
292
In our previous study on the early development of adhesion sites in intoxicated cells [16] , 293 CyaA was reported to reinforce adhesion by decreasing the strength of newly formed integrin 294 bonds as well as their mutual association through clustering. Thus, alteration of adhesion 295 process and weakening of cell-matrix attachments can be considered as the hallmark of initial 296 January 31, 2020 11/18
intoxication. Here, we show that CyaA intoxication is responsible for a cell rounding process 297 that is likely resulting from the early alteration of adhesion. Such CyaA-induced morphological 298 changes have already been documented in a variety of cultured cell lines [14] . When cells round 299 and cystokeleton is deformed, filamin protein A (an actin-binding protein that crosslinks F-actin) 300 binds to p190RhoGAP and prevents its accumulation in lipid raft. p190RhoGAP is a RhoGAP 301 protein which mediates integrin ligation-dependent inactivation of Rho [45] . Thus, in rounded 302 cells, p190RhoGAP is inactive and hence the Rho activity is presumed to be high [46] . By 303 contrast, in spread cells, p190RhoGAP accumulates in lipid rafts and become active leading to 304 the suppression of Rho activity. Note that Rho's ability to increase myosin light chain 305 phosphorylation through activation of Rho-associated kinase (ROCK) may feedback to further 306 activate Rho by increasing level of tension within the cytoskeleton [47, 48] . The increase in CSK 307 stifffness presently observed in intoxicated cells is consistent with such an assumption.
308
Activation of Rho GTPases in adhesion signaling involves extensive crosstalk between integrins, 309 Src family kinases, and between individual Rho GTPases themselves [49, 50] . As a matter of 310 fact, changes in cell shape are classically converted into changes in intracellular biochemistry 311 leading to changes in actin-cytoskeleton-dependent control of Rho GTPase activity [51, 52] .
312
Therefore, the balance RhoA and/or Rac1 which is susceptible to affect cytoskeletal structure 313 and cell mechanical properties [53, 54] is likely modified, primarily by the toxin induced change 314 in cAMP levels [55] and secondarily by the CyaA-induced adhesion remodeling which affects 315 cell shape (see adhesion data presently reported in Fig 4 and results obtained in previous 316 studies [14] ). By contrast, Kamanova et al. [9] reported that in macrophages the increase in F-actin-regulating molecules [56, 57] .
324
It is also recognized that migration, control of morphogenesis, and cell polarity are tightly 325 controlled by Rho GTPases [58] . Present data show that these cellular functions are deeply 326 affected by the toxin. The cytotoxic activity of the toxins caused by actin depolymerisation has 327 already been explained by the role of certain Rho GTPases [59] ; Integrin-mediated spreading 328 and focal adhesion maturation develop as a result of a biphasic reaction associated with the 329 relative activities of RhoA and Rac1 [45, 49] . Early adhesion, involving nascent adhesions, is 330 dependent on Rac1 activation and a concomitant suppression of RhoA activity. In contrast, 331 mature focal adhesion and the contractile machinery (stress fibers, internal tension), are reliant 332 on elevated RhoA activity and Rac1 inhibition [60] .
333
Overall, the toxin-induced cellular alterations experimentally observed in our A549 cells are 334 consistent with the assumption of the maintenance of RhoA activity. RhoA is the upstream 335 activator of the serine / threonine kinase RHOK (Rho-kinase) which in cooperation with scaffold 336 protein mDia regulate actin-myosin assembly and contractility as well as actin polymerization 337 resulting in modifications in stress fiber formation and cell motility. We indeed observed on 338 cellular images a persistence of stress fibers up to the highest CyaA concentration, while 339 cytoskeleton stiffness was continuously increased as CyaA concentration was increased. On the 340 other hand, cellular migration was significantly affected after CyaA intoxication in a 341 concentration-dependent manner which suggests that the migratory phenotype which requires 342 Rac1 activation might be limited by intoxication [61] . Moreover, it has been shown that cAMP 343 modulates cell morphology by inhibiting a Rac-dependent signaling pathway [55] . Similarly, the 344 results obtained in our previous study on the early development of adhesion while the same cells 345 were intoxicated with the same toxin [16] , have shown a reduction in chemical energy of 346 individual integrin-RGD ligand bonds as well as a diminution by two of integrin association at 347 the level of newly formed adhesion sites (clustering). For these two processes, the role of Rac 1 348 is fundamental [62] and its potential defect in parallel to the activation of RhoA could be the 349 common cause of these results. Yet, this presumed molecular mechanism remains to be 350 evaluated in future studies. 351 Another important aspect that may explain the efficient effects of CyaA on the actin 352 cytoskeleton remodeling and mechanical perturbations of the A549 cells is cAMP 353 compartmentalization. Indeed, the specific pathway of CyaA entry, that involves direct 354 translocation of the toxin catalytic domain across the plasma membrane of the intoxicated cells, 355 results in a rapid and preferential production of cAMP in the vicinity of the plasma membrane 356 with a delayed and lower cAMP signal in a perinuclear area [63] . It is well known that 357 microdomains of cAMP have pronounced effects on various signaling processes and major 358 physiological functions in a wide variety of cells [64] . For CyaA, this has been particularly well 359 characterized in T cells where the toxin was shown to efficiently disrupt the immunological 360 synapse and redistribute a number of essential players in the T-cell activation cascade [65, 66] . 361 Remarkably, these effects are not elicited by another bacterial toxin, the anthrax edema factor 362 that produces similar cytosolic levels of cAMP but originating from a perinuclear localization -363 where the toxin is released from late endosomes [66] . Hasan et al. recently reported similar 364 findings on human monocytes [67] . It will be interesting to further delineate the precise role of 365 cAMP compartmentalization in the biological effects of CyaA on the actin cytoskeleton 366 remodeling and mechanical perturbations of epithelial cells evidenced here.
367
Conclusion
368
In summary, we show here that the CyaA toxin is able to efficiently target epithelial cells where 369 the large increase in intracellular cAMP elicits various structural and functional modifications of 370 the cells, including cell rounding, weakening of adhesions, remodeling of actin structures and of 371 cytoskeleton stiffness. This leads to a drastic inhibition of cell migration and wound repair 372 capabilities. These data support the hypothesis that CyaA, in addition to its critical role in 373 blunting the innate immune responses, may also contribute, likely in synergistic manner with 374 other virulence factors, to the local alterations of the epithelial barriers of the respiratory tract, a 375 pathognomonic feature of B. pertussis infection.
376
Supporting information 377 S1 Fig. Viability assays of A549 cells exposed to CyaA toxin. A549 cells were grown in 378 monolayer to 90% of confluence and then incubated for 60 min with the indicated 379 concentrations of CyaA. MTT was then added at 0.25 µg/ml and cells were further incubated 380 density at 550 nm was recorded on a microplate reader. Control corresponds to cells incubated 382 in similar conditions without CyaA. Error bars are ± SEM; * p ≤ 0.05; ** p ≤ 0.01; *** 383 p ≤ 0.001. These data show that the viability of A549 cells is not significantly affected when 384 they are exposed during 1 hr to CyaA concentrations lower than 3 nM, while it is drastically 385 reduced at CyaA concentrations above 5 nM. 
